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1
COMPOSITIONS AND METHODS FOR
CONTROLLING PARTICULATE MIGRATION
IN A SUBTERRANEAN FORMATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/750,077, filed Jan. 8, 2013.

BACKGROUND

The present invention relates to methods and compositions
for controlling particulate migration in a subterranean forma-
tion with stabilizers that include amine-containing polymers.

Hydrocarbon wells are often at least partially located in
unconsolidated portions of a subterranean formation. As used
herein, the term “unconsolidated portion of a subterranean
formation” refers to a portion of a subterranean formation that
comprises loose particulate matter (e.g., particulates of sand-
stones, carbonates, limestones, coal beds, shales, diatomites,
chalks, and formation fines) that can migrate out of the for-
mation with, among other things, the oil, gas, water, and/or
other fluids recovered out of the well. The particulate material
in a relatively unconsolidated portion of a subterranean for-
mation may be readily entrained by recovered fluids, for
example, those wherein the particulates in that portion of the
subterranean formation are bonded together with insufficient
bond strength to withstand the forces produced by the pro-
duction of fluids through those regions of the formation. The
presence of particulate matter, such as sand, in the recovered
fluids is disadvantageous and undesirable in that the produced
particulates may abrade pumping and other producing equip-
ment and reduce the fluid production capabilities of certain
portions of a subterranean formation.

One method used to mitigate the migration of particulates
in subterranean formations involves adhering the particulates
together in the area of interest, which is usually accomplished
by treating the particulates with traditional tackifiers. As used
herein the term “tackifier” generally refers to a chemical or
polymer capable of forming a nonhardening coating on a
surface of a particulate (e.g., formation fines, formation sand,
proppant particulates, and gravel particulates). Generally, tra-
ditional tackifiers are sticky to the touch, which often cause
the traditional tackifier and coated particulates to accumulate
onsurfaces of wellbore tools (e.g., pumps, pipes, sand screws,
and the like). Further, in deviated wellbores, the accumulation
of tacky particulates can be especially problematic because
particulate settling is magnified across the wellbore radius as
compared to along the wellbore length. The accumulation of
particulates within the wellbore can cause the pressure in the
wellbore to increase, which can lead to costly formation
damage. In some instances, remediation of accumulated tra-
ditional tackifiers and coated particulates can involve signifi-
cant time and cost.

SUMMARY OF THE INVENTION

The present invention relates to methods and compositions
for controlling particulate migration in a subterranean forma-
tion with stabilizers that include hydrophobically modified
amine-containing polymers.

In one embodiment, a method may include providing a
treatment fluid that comprises a base fluid and a hydrophobi-
cally modified amine-containing polymer (HMAP), the
HMAP comprising a plurality of hydrophobic modifications
on an amine-containing polymer; introducing the treatment
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fluid into a wellbore penetrating a subterranean formation, the
subterranean formation comprising a plurality of particulates;
and allowing the HMAP to coat at least some of the particu-
lates.

In another embodiment, a method may include mixing a
treatment fluid that comprises a base fluid and a plurality of
HMAP-coated particulates that comprise a particulate and an
HMAP that coats at least a portion of the particulate, the
HMAP comprising a plurality of hydrophobic modifications
on an amine-containing polymer; and introducing the treat-
ment fluid into a wellbore penetrating a subterranean forma-
tion.

Inyet another embodiment, coated particulate may include
aparticulate; and an HMAP that coats at least a portion of the
particulate, the HMAP comprising a plurality of hydrophobic
modifications on an amine-containing polymer.

The features and advantages of the present invention will
be readily apparent to those skilled in the art upon a reading of
the description of the preferred embodiments that follows.

DETAILED DESCRIPTION

The present invention relates to methods and compositions
for controlling particulate migration in a subterranean forma-
tion with stabilizers that include hydrophobically modified
amine-containing polymers.

As used herein, the term “hydrophobically modified
amine-containing polymer” (or “HMAP”) is used to describe
amine-containing polymers (i.e., polymers with an amine in
the polymer backbone, polymer branch, or in both the back-
bone and branches) that have been hydrophobically modified.
Generally, the HMAP, like traditional tackifiers, is nonhard-
ening but is less sticky to the touch than traditional tackifiers
while still being effective at agglomerating particulates. As a
consequence, the treatment fluids comprising the HMAP or
HMAP-coated particulates may advantageously stick to well-
bore tools to a lesser degree than traditional tackifiers. Miti-
gating the accumulation of sticky substances and particulates
on wellbore tools reduces the cost and use of chemicals asso-
ciated with cleanup of traditional tackifiers.

As used herein, the term “coating,” and the like, does not
imply any particular degree of coating on a particulate. In
particular, the terms “coat” or “coating” do not imply 100%
coverage by the coating on a particulate. It should be under-
stood that the term “particulate,” as used in this disclosure,
includes all known shapes of materials, including substan-
tially spherical materials, fibrous materials, polygonal mate-
rials (such as cubic materials), and combinations thereof.

It should be noted that when “about” is provided herein at
the beginning of a numerical list, “about” modifies each num-
ber of the numerical list. It should be noted that in some
numerical listings of ranges, some lower limits listed may be
greater than some upper limits listed. One skilled in the art
will recognize that the selected subset will require the selec-
tion of an upper limit in excess of the selected lower limit.

As described above, the HMAP described herein are
amine-containing polymers that have been hydrophobically
modified. Examples of amine-containing polymers may
include, but are not limited to, polyamines (e.g., spermidine
and spermine), polyimines (e.g., poly(ethylene imine) and
poly(propylene imine)), polyamides, poly(2-(N,N-dimethy-
lamino)ethyl methacrylate), poly(2-(N,N-diethylamino)
ethyl methacrylate), poly(vinyl imidazole), and the like, any
copolymer thereof, and any combination thereof. Further,
amine-containing polymers may include a copolymer of at
least one of the foregoing amine-containing polymers (or
corresponding monomer unit) and at least one polymer (or
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corresponding monomer unit) that does not contain an amine
(e.g., polyethylene, polypropylene, polyethylene oxide,
polypropylene oxide, polyvinylpyridine, polyacrylic acid,
polyacrylate, polymethacrylate, and the like).

Hydrophobic modifications may, in some embodiments,
include, but are not limited to, a C,-C;, characterized by at
least one selected from the group consisting of a straight
chain, a branched chain, comprising an unsaturated C—C
bond, comprising an aryl group, and the like, and any com-
bination thereof.

Formulas I-1II provide examples of the HMAP described
herein wherein Z is R or COR, and wherein R is a hydropho-
bic modification described herein, e.g., a C,-C;,, character-
ized by at least one selected from the group consisting of a
straight chain, a branched chain, comprising an unsaturated
C—C bond, comprising an aryl group, and the like, and any
combination thereof.

Formula I
Z— HN—-CH,CH,N 5+ CH,CH,NH),H
CH,CH,NH

|

Z
Formula IT

/
Ry

Formula ITT

7Z—HN—CH,CH,CH,CH,N—H
|

Z

In some embodiments, the HMAP may have a degree of
modification such that the of amount hydrophobic modifica-
tion ranges from a lower limit of about 0.1%, 1%, 10%, or
30% by molar ratio of amine content to an upper limit of about
99.9%, 95%, 70%, or 50% by molar ratio of amine content,
and wherein the amount of hydrophobic modification may
range from any lower limit to any upper limit and encompass
any subset therebetween.

In some embodiments, the HMAP may have a molecular
weight ranging from a lower limit of about 300 g/mol, 1,000
g/mo, 10,000 g/mol, or 100,000 g/mol to an upper limit of
about 3,000,000 g/mol, 1,000,000 g/mol, or 100,000 g/mol,
and wherein the molecular weight may range from any lower
limit to any upper limit and encompass any subset therebe-
tween.

In some embodiments, hydrophobic modifications may be
achieved via a plurality of reaction schemes including, but not
limited to, amidation with carboxy terminal compounds (e.g.,
fatty acids), quaternization by alkyl halides, addition reac-
tions with alpha-olefins, nucleophilic attack with alkyl com-
pounds having active groups (e.g., a terminal epoxide), and
the like, and any combination thereof.

In some embodiments, the HMAP described herein may be
present in a treatment fluid at a concentration ranging from a
lower limit of about 0.01%, 0.05%, or 0.1% by weight of the
base fluid to an upper limit of about 3%, 1%, or 0.5% by
weight of the base fluid, wherein the concentration of the
HMAP may range from any lower limit to any upper limitand
encompass any range therebetween.
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Some embodiments of the present invention may involve
agglomerating particulates, e.g., formation fines, formation
sand, proppants, and/or gravel particulates, with an HMAP
described herein. Some embodiments may involve precoat-
ing particulates (e.g., gravel particulates and/or proppants)
with the HMAP (“HMAP-coated particulates™) before addi-
tion to the treatment fluid. In some instances, the HMAP-
coated particulates may be produced by dry-coating or wet-
coating methods.

In other embodiments, the particulates may be coated with
the HMAP (“HMAP-coated particulates”) while the particu-
lates reside in or are being introduced into the subterranean
formation. For example, some embodiments may involve
contacting a plurality of particulates with a treatment fluid
comprising HMAP described herein and allowing the HMAP
to form a coating on the particulates. Some embodiments may
involve adding the particulates (e.g., gravel particulates and/
or proppants) to the treatment fluid before introduction into
the wellbore. Additional embodiments may involve introduc-
ing a treatment fluid comprising the HMAP into the subter-
ranean formation where the particulates (e.g., formation
fines, formation sand, gravel particulates, and/or proppants)
reside and allowing the HMAP to coat the particulates.

Some embodiments may involve introducing a treatment
fluid comprising a low-viscosity base fluid (e.g., an aqueous-
miscible fluid like isopropyl alcohol or a glycol ether) and
HMAP into the subterranean formation, and then introducing
a higher viscosity fluid (e.g., water or a brine) into the sub-
terranean formation to push the treatment fluid with the
HMAP deeper into the subterranean formation. In some
embodiments, the treatment fluid may comprise particulates
and/or HMAP-coated particulates. These methods may be
used in combination with the foregoing methods.

In some embodiments, an optional coupling agent (e.g., a
silane coupling agent or surfactant) may be used, among other
things, to act as a mediator to help bond the HMAP and the
particulates. Examples of suitable silane coupling agents
include, but are not limited to, N-2-(aminoethyl)-3-amino-
propyltrimethoxysilane, and 3-glycidoxypropyltrimethox-
ysilane, and combinations thereof. In some embodiments, the
coupling agent may be present in a treatment fluid at a con-
centration ranging from a lower limit of about 0.001%,
0.05%, or 0.1% by weight of the HMAP to an upper limit of
about 3%, 1%, or 0.5% by weight of the HMAP, wherein the
concentration of the silane coupling agent may range from
any lower limit to any upper limit and encompass any range
therebetween.

In some embodiments, the particulates or HMAP-coated
particulates may be present in a treatment fluid at a concen-
tration ranging from a lower limit of about 0.1 pounds per
gallon (“ppg™), 1 ppg, or 5 ppg to an upper limit of about 30
ppg, 20 ppg, or 10 ppg by volume of the treatment fluid,
wherein the concentration of the particulates or HMAP-
coated particulates may range from any lower limit to any
upper limit and encompass any range therebetween.

Some embodiments may involve using HMAP described
herein and/or HM AP-coated particulates in fracturing opera-
tions, which may involve (1) optionally introducing a prepad
fluid into the subterranean formation, (2) introducing a pad
fluid into the subterranean formation to initiate and create at
least one fracture, (3) introducing a proppant slurry into the
subterranean formation so as to place the proppant into the
fracture, and (4) optionally introducing a flush fluid into the
subterranean formation. Prepad fluids are generally intro-
duced at or below matrix pressure and before pad fluids. Pad
fluids are generally introduced above matrix pressure (i.c., at
apressure sufficient to create or extend at least one fracture in
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the subterranean formation). In some embodiments, at least
one of the prepad fluid, pad fluid, and flush fluid may com-
prise the HMAP’s described herein. In some embodiments,
proppant slurries may comprise at least one of proppant,
proppant in combination with an HMAP, HMAP-coated
proppant, or HMAP-coated proppant in combination with
HMAP.

By way of nonlimiting example, a fracturing operation
may involve introducing a prepad fluid comprising HMAP
described herein, introducing a pad fluid at a pressure suffi-
cient to create or extend at least one fracture in the subterra-
nean formation and optionally comprising HMAP described
herein, and introducing a proppant slurry comprising prop-
pant and optionally an HMAP. In another example, the prop-
pant slurry may comprise HMAP-coated proppant. In another
example, the prepad fluid may comprise other additives, e.g.,
clay stabilizing agents, and no HMARP or traditional tackifier.
In another example, the prepad and pad fluids may comprise
no tackifier, and the proppant slurry may comprise proppant
and HMAP or HMAP-coated proppant optionally with an
HMAP. In yet another example, the prepad fluid, pad fluid,
and proppant slurry may each comprise no HMAP and the
flush fluid comprise an HMAP described herein.

Some embodiments may involve using HMAP described
herein in post-acidizing operations. For example, some
embodiments may involve introducing an acidizing fluid into
a wellbore penetrating a subterranean formation, then intro-
ducing a treatment fluid comprising a base fluid and an
HMAP, and allowing the HMAP to at least partially coat
particulates in the subterranean formation.

Some embodiments may involve using HMAP described
herein in gravel packing operations. In some instances, gravel
packing operations may involve forming a gravel pack in a
wellbore with a treatment fluid that comprises at least one of
gravel particulates in combination with an HMAP, HMAP-
coated gravel particulates, or HMAP-coated gravel particu-
lates in combination with HMAP. In other instances, gravel-
packing operations may involve forming a gravel pack in a
wellbore, then treating the gravel pack with a treatment fluid
comprising an HMAP described herein.

Some embodiments may involve using HMAP described
herein in remedial operations, which may involve introducing
a treatment fluid into the subterranean formation, the treat-
ment fluid comprising HMAP described herein. For example,
during a wellbore operation if formation fines or other par-
ticulates are being produced, the remedial operation may be
performed to agglomerate the particulates and reduce or
eliminate particulate production.

It should be noted that when HMAP described herein are
used in an operation in more than one treatment fluid, whether
free or as a coating, the composition and/or concentration of
the HM AP in the various treatment fluids may independently
be the same or different.

The methods and compositions described herein may be
used in full-scale operations or pills. As used herein, a “pill”
is a type of relatively small volume of specially prepared
treatment fluid placed or circulated in the wellbore.

Some embodiments of the present invention may involve
producing hydrocarbon fluids from the portion of the subter-
ranean formation having been treated with the HMAP and/or
HMAP-coated particulates described herein.

Base fluids suitable for use in conjunction with the present
may include aqueous fluids, aqueous-miscible fluids, and any
combination thereof.

Aqueous fluids suitable for use in conjunction with the
present invention may comprise fresh water, saltwater (e.g.,
water containing one or more salts dissolved therein), brine
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6

(e.g., saturated salt water or produced water), seawater, pro-
duced water (e.g., water produced from a subterranean for-
mation), aqueous-miscible fluids, and any combination
thereof. Generally, the water may be from any source, pro-
vided that it does not contain components that might
adversely affect the stability and/or performance of the first
treatment fluids or second treatment fluids of the present
invention.

Suitable aqueous-miscible fluids may include, but not be
limited to, alcohols, e.g., methanol, ethanol, n-propanol, iso-
propanol, n-butanol, sec-butanol, isobutanol, and t-butanol;
glycerins; glycols, e.g., polyglycols, propylene glycol, and
ethylene glycol; polyglycol amines; polyols; any derivative
thereof; any in combination with salts, e.g., sodium chloride,
calcium chloride, calcium bromide, zinc bromide, potassium
carbonate, sodium formate, potassium formate, cesium for-
mate, sodium acetate, potassium acetate, calcium acetate,
ammonium acetate, ammonium chloride, ammonium bro-
mide, sodium nitrate, potassium nitrate, ammonium nitrate,
ammonium sulfate, calcium nitrate, sodium carbonate, and
potassium carbonate; any in combination with an aqueous
fluid, and any combination thereof.

In certain embodiments, the density of the base fluid can be
adjusted, among other purposes, to provide additional par-
ticulate transport and suspension in the treatment fluids used
in the methods of the present invention. In certain embodi-
ments, the pH of the base fluid may be adjusted (e.g., by a
buffer or other pH adjusting agent), among other purposes, to
activate a crosslinking agent and/or to reduce the viscosity of
the first treatment fluid (e.g., activate a breaker, deactivate a
crosslinking agent). In these embodiments, the pH may be
adjusted to a specific level, which may depend on, among
other factors, the types of gelling agents, acids, and other
additives included in the treatment fluid. One of ordinary skill
in the art, with the benefit of this disclosure, will recognize
when such density and/or pH adjustments are appropriate.

In some embodiments, the base fluid may be foamed. In
some embodiments a treatment fluid for use in conjunction
with the present invention may comprise a base fluid, a gas, a
foaming agent, and at least one of particulates, particulates in
combination with HMAP, HMAP-coated particulates, or
HMAP-coated particulates in combination with HMAP.

In some embodiments, the gas is selected from the group
consisting of nitrogen, carbon dioxide, air, methane, helium,
argon, and any combination thereof. One skilled in the art,
with the benefit of this disclosure, should understand the
benefit of each gas. By way of nonlimiting example, carbon
dioxide foams may have deeper well capability than nitrogen
foams because carbon dioxide emulsions have greater density
than nitrogen gas foams so that the surface pumping pressure
required to reach a corresponding depth is lower with carbon
dioxide than with nitrogen.

In some embodiments, the quality of the foamed treatment
fluid may range from a lower limit of about 5%, 10%, 25%,
40%, 50%, 60%, or 70% gas volume to an upper limit of about
95%, 90%, 80%, 75%, 60%, or 50% gas volume, and wherein
the quality of the foamed treatment fluid may range from any
lower limit to any upper limit and encompass any subset
therebetween. Most preferably, the foamed treatment fluid
may have a foam quality from about 85% to about 95%, or
about 90% to about 95%.

Suitable foaming agents for use in conjunction with the
present invention may include, but are not limited to, cationic
foaming agents, anionic foaming agents, amphoteric foaming
agents, nonionic foaming agents, or any combination thereof.
Nonlimiting examples of suitable foaming agents may
include, but are not limited to, surfactants like betaines, sul-
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fated or sulfonated alkoxylates, alkyl quaternary amines,
alkoxylated linear alcohols, alkyl sulfonates, alkyl aryl sul-
fonates, C,,-C,, alkyldiphenyl ether sulfonates, polyethyl-
ene glycols, ethers of alkylated phenol, sodium dodecylsul-
fate, alpha olefin sulfonates such as sodium dodecane
sulfonate, trimethyl hexadecyl ammonium bromide, and the
like, any derivative thereof, or any combination thereof.
Foaming agents may be included in foamed treatment fluids
at concentrations ranging typically from about 0.05% to
about 2% of'the liquid component by weight (e.g., from about
0.5 to about 20 gallons per 1000 gallons of liquid).

Suitable proppants for use in conjunction with the present
invention may be any material suitable for use in subterranean
operations. Examples of these particulates may include, but
are not limited to, sand, bauxite, ceramic materials, glass
materials, polymer materials, polytetrafluoroethylene mate-
rials, nut shell pieces, cured resinous particulates comprising
nut shell pieces, seed shell pieces, cured resinous particulates
comprising seed shell pieces, fruit pit pieces, cured resinous
particulates comprising fruit pit pieces, wood, composite par-
ticulates, and combinations thereof. Suitable composite par-
ticulates may comprise a binder and a filler material wherein
suitable filler materials include silica, alumina, fumed car-
bon, carbon black, graphite, mica, titanium dioxide, meta-
silicate, calcium silicate, kaolin, talc, zirconia, boron, fly ash,
hollow glass microspheres, solid glass, and combinations
thereof. The mean particulate size generally may range from
about 2 mesh to about 400 mesh on the U.S. Sieve Series;
however, in certain circumstances, other mean particulate
sizes may be desired and will be entirely suitable for practice
of'the present invention. In particular embodiments, preferred
mean particulates size distribution ranges are one or more of
6/12,8/16, 12/20, 16/30, 20/40,30/50, 40/60, 40/70, or 50/70
mesh. Moreover, fibrous materials, that may or may not be
used to bear the pressure of a closed fracture, may be included
in certain embodiments of the present invention.

In some embodiments, treatment fluids described herein
may further comprise additives. Suitable additives may
include, but are not limited to, salts, weighting agents, inert
solids, fluid loss control agents, emulsifiers, dispersion aids,
corrosion inhibitors, emulsion thinners, emulsion thickeners,
viscosifying agents, gelling agents, surfactants, particulates,
proppants, gravel particulates, lost circulation materials, pH
control additives, breakers, biocides, crosslinkers, stabilizers,
chelating agents, scale inhibitors, gas hydrate inhibitors,
mutual solvents, oxidizers, reducers, friction reducers, clay
stabilizing agents, or any combination thereof. One skilled in
the art with the benefit of this disclosure should understand
the appropriate additives and concentrations thereof for use in
conjunction with the present invention to achieve the desired
result and so as to maintain operability of the methods of the
present invention.

To facilitate a better understanding of the present inven-
tion, the following examples of preferred embodiments are
given. In no way should the following examples be read to
limit, or to define, the scope of the invention.

EXAMPLES
Example 1

A sand column was prepared to mimic a gravel pack in a
wellbore. The column had three layers: (1) 66 g of 20/40
Brady sand, (2) 22 g of Brazos River sand (with particle size
smaller than 200 mesh to simulate formation fines) mixed
with 44 g of 20/40 Brady sand, and (3) 66 g of 20/40 Brady
sand. The sand in each of the three layers was dry-coated with
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1.5 wt % of hydrophobically modified polyethyleneimine
(40% activate) before being packed into the column. The
column was then heated to 180° F. and flushed with 200 mL
of 5% KClI (approximately 2 pore volumes) from layer (1)
through to layer (3). Then water was flowed through the
column from the opposite direction, i.e., from layer (3)
through to layer (1), to simulate wellbore production. The
flow rate was started at 50 mL/min and increased to 100
ml./min then 150 mL/min. Effluents were collected at each
flow rate where little to no Brazos River sand was observed in
the effluents. When conducting a control experiment where
the sand in each layer had not been coated/treated with the
hydrophobically modified polyethyleneimine, Brazos River
sand was observed in the effluents at each of the flow rates.

Example 2

Another sand column was tested that included three layers:
(1) 66 g of 20/40 Brady sand dry-coated with 3 wt % of
hydrophobically modified polyethyleneimine (40% activate),
(2) 11 g of Brazos River sand and 11 g of coal fines mixed with
44 g 0f 20/40 Brady sand (not treated), and (3) 66 g of 20/40
Brady sand (not treated). Effluents were collected at flow
rates of 50 mL/min, 100 mL/min, 150 mL/min, and 200
ml./min. The effluents at 50 m[./min, 100 m[./min were grey
and cloudy indicating that some of the coal fines were able to
migrate through the simulated gravel pack, i.e., layer (1).
However, the amount of coal fines observed is significantly
less than the 11 g in the column, thereby demonstrating con-
trol of particulate migration. At the higher two flow rates little
to no coal fines and Brazos River sand were observed in the
effluents. This example demonstrates that hydrophobically
modified polyethyleneimine can control the migration of for-
mation fines at all flow rates just by treating the gravel pack
alone.

Example 3

Another sand column was tested that included three layers:
(1) 66 g of 20/40 Brady sand (not treated), (2) 22 g of Brazos
River sand mixed with 44 g 0o 20/40 Brady sand (not treated),
and (3) 66 g of 20/40 Brady sand (not treated). In a procedure
similar to Example 1, the column was flushed with KCI.
However, then the column was flushed with 200 mL of 3 wt %
of hydrophobically modified polyethyleneimine (40% acti-
vate) in isopropyl alcohol solution. Then, water was flowed in
the opposite direction as described in Example 1. Effluents
were collected at flow rates of 50 mL/min, 100 mL/min, 150
mL/min, and 200 mL/min, where little to no Brazos River
sand was observed in the effluents. This indicates the effec-
tiveness of the remedial treatment of HMAP for the forma-
tion.

Example 4

Another sand column was prepared that included three
layers: (1) 66 g of 20/40 Brady sand (not treated), (2) 22 g of
WAC-9™ (a fluid loss control additive, available from Halli-
burton Energy Services, Inc.), which has a particle size of 325
mesh, mixed with 44 g of 20/40 Brady sand (not treated), and
(3) 66 g of 20/40 Brady sand (not treated). The procedure of
Example 3 was followed with effluents collected at 50
ml/min, 100 mL/min, 150 mL/min, and 200 mL/min. Each
of'the effluents were cloudy but with a total mass of WAC-9™
much less than what was originally placed in the column,
thereby indicating some control of particulate migration.
Without being limited by theory, it is believed that a higher
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concentration or thicker coating of hydrophobically modified
polyethyleneimine may be needed for complete particulate
migration control when working with smaller particulate
sizes (e.g., as illustrated by comparing the results of Example
3 to Example 4).

Therefore, the present invention is well adapted to attain
the ends and advantages mentioned as well as those that are
inherent therein. The particular embodiments disclosed
above are illustrative only, as the present invention may be
modified and practiced in different but equivalent manners
apparent to those skilled in the art having the benefit of the
teachings herein. Furthermore, no limitations are intended to
the details of construction or design herein shown, other than
as described in the claims below. It is therefore evident that
the particular illustrative embodiments disclosed above may
be altered, combined, or modified and all such variations are
considered within the scope and spirit of the present inven-
tion. The invention illustratively disclosed herein suitably
may be practiced in the absence of any element that is not
specifically disclosed herein and/or any optional element dis-
closed herein. While compositions and methods are described
in terms of “comprising,” “containing,” or “including” vari-
ous components or steps, the compositions and methods can
also “consist essentially of” or “consist of” the various com-
ponents and steps. All numbers and ranges disclosed above
may vary by some amount. Whenever a numerical range with
a lower limit and an upper limit is disclosed, any number and
any included range falling within the range is specifically
disclosed. In particular, every range of values (of the form,
“from about a to about b,” or, equivalently, “from approxi-
mately a to b,” or, equivalently, “from approximately a-b”)
disclosed herein is to be understood to set forth every number
and range encompassed within the broader range of values.
Also, the terms in the claims have their plain, ordinary mean-
ing unless otherwise explicitly and clearly defined by the
patentee. Moreover, the indefinite articles “a” or “an,” as used
in the claims, are defined herein to mean one or more than one
of'the element that it introduces. If there is any conflict in the
usages of'a word or term in this specification and one or more
patent or other documents that may be incorporated herein by
reference, the definitions that are consistent with this speci-
fication should be adopted.

The invention claimed is:

1. A method comprising:

providing a treatment fluid that comprises a base fluid, a

hydrophobically modified amine-containing polymer
(HMAP), and a silane coupling agent, the HMAP com-
prising a plurality of hydrophobic modifications on a
poly(vinyl imidazole);

introducing the treatment fluid into a wellbore penetrating

a subterranean formation, the subterranean formation
comprising a plurality of particulates; and

allowing the HMAP and the silane coupling agent to coat at

least some of the particulates.

2. The method of claim 1, wherein the hydrophobic modi-
fication comprises a C,-C,, characterized by at least one
selected from the group consisting of a straight chain, a
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branched chain, comprising an unsaturated C—C bond, com-
prising an aryl group, and any combination thereof.

3. The method of claim 1, wherein the particulates com-
prise at least one selected from the group consisting of for-
mation fines, formation sand, a proppant, a gravel particulate,
and any combination thereof.

4. The method of claim 1, wherein the HMAP is present in
an amount ranging from about 0.01% to about 3% by weight
of the aqueous base fluid.

5. The method of claim 1, wherein the treatment fluid
further comprises a coupling agent in an amount ranging from
about 0.001% to about 3% by weight of the HMAP.

6. The method of claim 1, wherein the treatment fluid is
foamed.

7. The method of claim 1, wherein the treatment fluid
further comprises at least one additive selected from the
group consisting of a salt, a weighting agent, an inert solid, a
fluid loss control agent, an emulsifier, a dispersion aid, a
corrosion inhibitor, an emulsion thinner, an emulsion thick-
ener, a viscosifying agent, a gelling agent, a surfactant, a
particulate, a proppant, a gravel particulate, a lost circulation
material, a pH control additive, a breaker, a biocide, a
crosslinker, a stabilizer, a chelating agent, a scale inhibitor, a
gas hydrate inhibitor, a mutual solvent, an oxidizer, a reducer,
a friction reducer, a clay stabilizing agent, and any combina-
tion thereof.

8. The method of claim 1 further comprising introducing an
acidizing fluid into the subterranean formation before intro-
ducing the treatment fluid.

9. A method comprising:

mixing a treatment fluid that comprises a base fluid and a

plurality of hydrophobically modified amine-containing
polymer (HMAP) coated particulates that comprise an
HMAP and a silane coupling agent coating at least a
portion of a particulate, the HMAP comprising a plural-
ity of hydrophobic modifications on a poly(vinyl imida-
zole); and

introducing the treatment fluid into a wellbore penetrating

a subterranean formation.

10. The method of claim 9, wherein the particulate com-
prises at least one selected from the group consisting of a
proppant, a gravel particulate, and any combination thereof.

11. The method of claim 9, wherein the HMAP-coated
particulates are present in an amount ranging from about 0.1
pounds per gallon to about 30 pounds per gallon of the treat-
ment fluid.

12. The method of claim 9 further comprising:

forming the HMAP-coated particulates by dry-coating the

particulates with the HMAP before mixing the treatment
fluid.

13. The method of claim 9 further comprising:

introducing a pad fluid into the subterranean formation at a

pressure sufficient to create or extend at least one frac-
ture in the subterranean formation before introducing
the treatment fluid.

#* #* #* #* #*



